Background: Among older women with early-stage breast cancer, patients with a short life expectancy (LE) are much less likely to benefit from adjuvant radiation therapy (RT). Little is known about the impact of physicians and regional factors on the use of RT across LE groups.
S
tandard treatment for women with early-stage breast cancer currently includes breast-conserving surgery (BCS) followed by external beam radiation therapy (RT). 1, 2 However, recent trial results suggest that women above the age of 70 years with early-stage breast cancer derive little benefit from adjuvant RT: a study of 636 women found that those receiving RT had lower locoregional tumor recurrence (1%) than those without (4%) at 5 years but no difference in overall survival. 3 Women with a short life expectancy (LE) are particularly unlikely to benefit from RT, given that they are more likely to die from causes other than breast cancer. 4 In addition, side effects are known to accompany adjuvant RT, including long-term mastalgia, esthetic changes, and rare cardiopulmonary toxicity or secondary tumors. 5 RT requires a significant time investment by patients and is expensive. Accordingly, some have suggested that adjuvant RT may be omitted for women with low-risk tumors who are aged 70 years and older. [6] [7] [8] Those with a long LE may potentially benefit from RT by reducing the risk of local recurrence and avoiding test anxiety, stress, and the need for repeat surgery, although the survival outcome would not be altered.
There are concerns that some women who have weaker indications for treatment continue to receive radiation. 9 A commonly used approach to assessing the use of health care services among patients for whom there is questionable benefit (ie, discretionary use) is to assess geographic variation. Although numerous studies have demonstrated substantial regional variation in cancer care, there is little clarity regarding whether variation is a result of regional differences in health system infrastructure or of underlying variation across physicians. [10] [11] [12] [13] Some studies have suggested that variation in the use of health care across geographic regions is attributable to the collective attitudes and styles of physicians. [14] [15] [16] Other studies suggest that variation is more an effect of regional factors such as health care infrastructure, availability of technology, and local legal statutes. [17] [18] [19] Health reform and quality improvement efforts require a greater understanding of the relative contributions of individual physicians versus regional factors to the useand overuse-of cancer care.
In addition to identifying the relative contribution of physicians and geographic regions to practice variation, it is important to identify health system factors that affect utilization among patients who are unlikely to benefit. [20] [21] [22] Factors such as the availability of radiation specialists or facilities may correlate with the likelihood of receiving RT. 23, 24 Regional rates of Medicare spending overall and at the end-of-life are markers for local intensity of care. Another factor that might affect the use of expensive technologies, including RT, is Certificate of Need (CON) legislation, wherein states require a CON application before establishing or expanding a medical facility. 25, 26 To address these knowledge gaps, we assessed the use of adjuvant RT among older women with early-stage breast cancer across strata of LE. We used hierarchical generalized linear models to assess the impact of the treating physician and geographic region on cancer care across strata of LE. We then determined the impact of clinical and health system factors to variation in treatment among short LE and long LE patients separately.
METHODS

Study Design Overview
We examined the impact of clinical patient factors (age, comorbidities, and hormone receptor status), nonclinical patient factors (sociodemographics and access to care), treatment factors (chemotherapy and time from diagnosis to surgery), health system factors (supply of physicians and hospital beds, resource utilization, and quality of care), and regional factors (radiation oncologist density and state CON legislation for RT equipment) on the receipt of RT after BCS. We used Hospital Referral Regions (HRRs) as the regional units. 27 The Yale Human Investigation Committee determined that this study did not constitute human subjects research.
Data Sources
We used the National Cancer Institute's Surveillance, Epidemiology and End Results (SEER)-Medicare linked database for years 1998-2007. SEER collects information from tumor registries in 15 states and patient level data are available for sociodemographic and cancer characteristics including sex, age, race, and zip code, as well as tumor stage, grade, size, nodal status, and molecular markers. We used data from the Dartmouth Atlas Project for measures of physician density, percentage of physicians in primary care specialties, hospital bed density, resource utilization, and quality of care. 28 State CON legislation was determined by the American Health Planning Association's National Directory and the National Conference of State Legislatures. 29, 30 Life Expectancy
We used data from individuals without cancer from the 5% random sample of Medicare beneficiaries residing in the SEER regions from 1998 to 2004 to create life tables according to sex, age, and comorbidity. A modification of the Elixhauser method was used to assess for comorbid conditions significantly associated with mortality among cancer patients. 31 We validated these life tables in a separate patient population consisting of 18,819 women with stage I or II breast cancer diagnosed during 1998-2004 who received BCS. We used the life tables to assign breast cancer patients to short, medium, and long LE categories of <5, 5-10, and Z10 years, respectively, and then calculated the actual survival of this cohort. Only International Classification of Diseases, 9th revision diagnosis codes appearing on an inpatient claim or at least 2 outpatient/physician claims billed >30 days apart were counted. We validated this stratification schema in a subsample of women diagnosed before 2002 to ensure adequate follow-up, and found that patients predicted to live <5 years had a median survival of 4.73 years with 52.9% dying before 5 years; those predicted to live 5-10 years had a median survival of 9.55 years with 21.6% dying before 5 years; and for those predicted to live 10 years or more, the median survival was >10 years with 8.4% dying before 5 years.
Inclusion Criteria
This study included women diagnosed with invasive, stage I breast cancer between 1998 and 2007, aged 67-94 years at time of cancer diagnosis, who received primary surgical resection with BCS. The "AJCC stage" variable was used to assign stage during 1998-2003, and the "derived AJCC stage" variable was used during 2004-2007. 32 We excluded patients with missing stage, history of a prior or concurrent malignancy, those who did not have Medicare Parts A and B coverage or those enrolled in an HMO during the study period (defined as 2 years before diagnosis through 1 year after diagnosis), and those with missing income information (see Appendix, Supplementary Digital Content 1, http://links.lww.com/MLR/A390).
Construction of Variables
Patients were assigned to the appropriate HRRs for all analyses according to their zip codes at the time of diagnosis, and the zip code allowed for estimation of median household income based on US Census measures. Using Medicare claims data, we determined whether patients had visited a primary care physician in the period of 24 through 3 months before the date of diagnosis, calculated the interval from the date of diagnosis to the date of BCS, and determined whether patients had received RT and/or chemotherapy. Adjuvant RT had to be initiated within 9 months of the date of BCS to be included. When patients were evaluated by multiple surgeons, the surgeon performing BCS was considered to be the primary surgeon.
Statistical Analysis
To determine whether regional variation exists in the use of adjuvant RT, we analyzed the percentage of women in the total sample and in each LE group who received RT after BCS in each of the 164 HRRs in our sample. We assessed whether the degree of regional variability differed between the LE groups and then identified factors associated with the use of RT among these women. Because we anticipated that use of RT would be dependent on both the surgeon and the HRR, we used a 3-level hierarchical logistic regression model with patients clustered by primary surgeon and HRR, with random effects at the surgeon and HRR levels. This model allowed us to estimate the variation within and between surgeons and HRRs, and to estimate the proportion of the variance in the outcome explained by each of these levels. 33 Patients with missing surgeon or HRR information were excluded from these models. Treatment rates in each HRR and according to the primary surgeon were calculated and risk adjusted. Number of radiation oncologists per 100,000 people, whether the HRR was metropolitan, and an indicator for CON regulations for RT equipment were incorporated into this multivariable model. As a regional characteristic, we defined a metro HRR as one in which 100% of Medicare beneficiaries in that HRR reside in a metro county. In a secondary analysis we included only women with estrogen receptor-positive status. Hierarchical models were estimated using the XTMELOGIT routine in Stata statistical software, with quadrature specified as the method of estimation.
To better interpret the variation across surgeons and HRRs, we calculated risk-standardized treatment rates (RSTRs) as the ratio of the predicted probability of RT use to the expected probability of RT use, multiplied by the overall treatment rate for the group. 34 The expected probability is the predicted probability for an average facility and surgeon, under the assumption that the random effects are 0. Statistical analyses were performed using SAS version 9.2 and Stata version 12.1.
RESULTS
The study sample consisted of 24,373 women living in 164 HRRs. The short LE patient group had 2253 women, whereas the medium and long LE groups had 11,093 and 11,027 women, respectively ( Table 1 ). The racial distribution and median household income were similar between groups. The regional characteristics, including measures of physician and hospital density, reimbursement, utilization and quality, were similar in each patient group (Table 1) .
In the short LE group ( > 50% 5-year mortality in the validation sample), 43 .6% of women received RT. More women in the medium LE group received RT, 76.4% of the 11,093 patients. The use of RT among women in the long LE group (< 10% 5-year mortality) was higher, with 90.8% receiving RT overall (Table 2) . Chemotherapy use was more common in the long LE group where 10.5% received chemotherapy compared with 5.3% in the medium LE group and 3.0% in the short LE group, suggesting more aggressive care ( Table 1 ). The time from diagnosis to BCS was similar in all groups with 25.9% of patients in the short LE group waiting over 45 days for surgery compared with 23.4% in the long LE group.
There was a statistically significant effect of race on the receipt of RT in bivariate analysis, but this was not observed in the adjusted model (Table 3 ). There was no consistent trend according to median household income. Women receiving chemotherapy in the short LE group were nearly twice as likely to receive RT after BCS as those not receiving chemo, with an odds ratio (OR) of 1.91 (P = 0.04; 95% confidence interval (CI), 1.04-3.54). Although comorbidity burden was not associated with RT in the short LE group, patients with 1-2 comorbidities in the long LE group were less likely than those without comorbidities to undergo treatment (OR, 0.81; P = 0.01; 95% CI, 0.68-0.96). In addition, in the long LE group, women who had BCS more than 45 days after diagnosis were less likely to receive adjuvant RT (OR, 0.73; P < 0.001; 95% CI, 0.62-0.86). Patients who had visited a primary care physician in the 24 through 3 months before diagnosis in the short, medium, and long LE groups were more likely to receive RT than those without recent primary care contact. There was no significant effect based on residence in a state with or without CON legislation (Table 4) .
There was variation at the HRR level in the use of RT after BCS, but it did not differ with respect to LE. Among short LE patients the proportion of the variance in the model explained by HRR was 0.23%, although statistically this was not significantly different from 0, compared with 0.9% for the long LE patients (Table 3) . Although the patient's geographic region contributed to the eventual receipt of RT, we found that the patient's primary surgeon had an impact on the model that was approximately 15-51 times greater than that of HRR in both LE groups. The surgeon accounted for 11.8% of variance in the short LE patients and 13.3% in the long LE patients. Among medium LE patients, the proportion of variance explained by HRR was 0.5% and that by surgeons was 15.7%, indicating a 31 Â larger impact of the surgeons on the model.
The RSTRs demonstrated much greater variability among the surgeons than among HRRs (Fig. 1) . Among women with a short LE, the RSTRs according to the primary surgeon ranged from 27.7% to 67.3% (mean, 43.9% ± 7.8%; interquartile range (IQR), 38.6%-52.0%). There was less variability across geographic regions, with regional RSTRs ranging from 42.0% to 45.2% (mean, 43.6% ± 0.4%; IQR, 43.4%-43.8%). Among women with a long LE, the variation according to the primary surgeon ranged from 76.3% to 96.5% (mean, 90.3% ± 3.3%; IQR, 89.7%-92.2%), although RSTRs for the HRRs ranged from only 88.8% to 91.9% (mean, 90.6% ± 0.5%; IQR, 90.6%-90.9%). Surgeons in this sample saw a median of 1 (IQR, 0-3) patient in the short LE group, 6 (IQR 3-13) patients in the medium group, and 6 (IQR, 3-13) patients in the long group.
We found that short LE women were more likely to receive radiation when they lived in areas with a high density of radiation oncologists, with an OR of 1.59 (P = 0.02; 95% CI, 1.07-2.36). The density of radiation oncologists was significantly related to receipt of RT in short LE, but not long LE women. Other physician measures, including number of physicians per capita and percentage of physicians in primary care, were not significantly associated with receipt of RT among either LE group. In the sensitivity analysis in which we restricted the sample to estrogen receptor-positive patients, there were no substantive changes, so we do not report the results.
DISCUSSION
We observed significant variation across primary surgeons in adjuvant RT use for women with stage I breast cancer who had a short LE, a group predicted to derive little benefit from such treatment. In contrast, we found substantially less variation in RT use at the regional level, among both short and long LE groups. In fact, the surgeon exerted a stronger influence on receipt of RT after BCS than measures of regional health care infrastructure, practice patterns, resource utilization, and local legal statutes. These results suggest that efforts to understand regional variation in cancer care should incorporate physician-level as well as regional-level variation into hierarchical models, as much of the "action" regarding variation may actually be occurring at the physician level. However, not all relevant factors could be assessed in this study; other factors may indeed have greater influence than either regions or individuals. Prior studies have demonstrated that surgeons play an important role in surgical decision-making; our results suggest that the influence of surgeons on patterns of care extends beyond the initial surgical treatment. 35 Efforts to better align use of RT with expected benefits and risks should incorporate surgeons, as they play a major role in patterns of care.
Although the use of RT did not vary across HRRs as much as it did across surgeons, we did observe some variation. This further emphasizes the impact that geographic variation has on the intensity and cost of care. 36 Others have described variation related to clinical factors and geographic region, but did not evaluate the impact of individual physicians. 37 Our results suggest that further assessment of individual physicians is warranted when considering variation across regions. In addition, although our analysis was structured around surgeons, it is possible that these Indicates an office visit with a primary care physician in the 24 through 3 months before diagnosis; the frequency in the short LE group was changed to a range due to SEERMedicare requirements to ensure that no cell sizes <10 can be observed or derived from the data.
BCS indicates breast-conserving surgery; CON Certificate of Need; LE, life expectancy; RT, radiation therapy. regional characteristic, the number of radiation oncologists per 100,000 people in each HRR, was associated with receipt of RT use in short LE women but did not significantly affect RT use in long LE women. Among short LE women, this association between radiation oncologist density and receipt of RT is a small effect given the high baseline prevalence of RT use, whereas in long LE women the lack of an association indicates the broad agreement on RT's clinical utility among patients expected to live many years. Furthermore, there was a strong association between recent visit to a PCP and receipt of RT, which may reflect individuals' access to care or potentially unmeasured attitudes toward medical treatment. The adjusted analysis also demonstrated that those in the lowest income group were less likely to receive therapy. Our categorization of patients into LE groups does not indicate that patients in the short LE group derive no benefit from therapy; indeed, some patients categorized in the short LE group may eventually benefit from therapy. However, LE exerts a strong influence on the expected benefit from RT. For instance, the number needed to treat among women aged 70-79 years without comorbidities to prevent 1 locoregional recurrence or mastectomy has been estimated to be 21-22 patients, whereas for women aged 80 years or older with moderate to severe comorbidity the number needed to treat was between 61 and 125 patients. 38 An ideal system would allow physicians to better present the risks and benefits to patients alongside the cost to help individuals make choices that align with their preferences.
We noted that within LE groups, rates of RT use were similar across race and socioeconomic status. This finding was similar to a recent survey of patients with nonmetastatic breast cancer between the ages of 20 and 79 years. 9 However, others have demonstrated important racial disparities regarding breast cancer diagnosis, treatment, and mortality. 39, 40 Radiation use may be an exception to the more frequently observed sources of disparity, although our small sample of non-white individuals precludes definitive conclusions.
The strengths of this study include rigorous determination of RT utilization, use of a validated measure of LE, and a large sample size. There are also several limitations: although SEER-Medicare provides extensive information on the primary tumor, treatment, and survival outcomes, some patient characteristics were extrapolated from US Census data rather than individually recorded. LE prediction is not perfect; some women in the short LE group may live >5 years, and some in the long LE group may live <10 years, but it is a useful framework for risk stratification. We have used validated measures of resource use and quality from the Dartmouth Atlas, but not all relevant measures could be analyzed. In particular, no single agency is charged with tracking RT equipment, and numbers of devices per HRR were not assessed here. In addition, we focused our analysis on the Medicare fee-for-service program; the impact of local differences in the under-65 population on the care of Medicare patients was not examined, and local rates of uninsurance and underinsurance were not included. [41] [42] [43] Our study demonstrates that the effect of the patient's primary surgeon was between 15 and 51 times greater than measures of local health care infrastructure on the use of RT after BCS. We show that the number of women receiving RT is far higher than expected, as there has been clear Level I evidence against the use of RT in low-risk older women for many years. Future studies will need to identify the key drivers, such as patient preference, defensive medicine, and fee-for-service incentives, behind the ongoing delivery of RT in this population. Reducing the use of RT among women who are unlikely to benefit may offer substantial gains in the diminished burden of morbidity and lower costs. In addition, recognition of the key role of surgeons in the decision to utilize RT provides a potential leverage point, and future research should explore strategies to better integrate them into shared decision-making. Incorporating age and comorbidity burden, the main determinants of LE, into decisions regarding the course of treatment is critical, and may serve to better align patterns of care with patient preferences and the likelihood of clinical benefit. 
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